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THE RELATIONSHIP BETWEEN POLYFLUOROOCTANOIC ACID AND 
OVERALL ORAL HEALTH 
 
JENNIFER HARVEY 
 
ABSTRACT 	  
 Polyfluorooctanoic acid (PFOA) is a known endocrine disruptor and is associated 
with several diseases. Because of the health effects of PFOA on other organs, it was 
hypothesized that the presence of PFOA might be directly, through endocrine disruption, 
or indirectly, through other diseases or their treatments, associated with overall oral 
health.  
 This cross-sectional study used data from the 2007-2008 and 2009-2010 National 
Health and Nutrition Examination Surveys (NHANES) to test this hypothesis. After 
restricting the dataset to those with both the PFOA serum measurement and the answered 
oral health question, the sample size for this study was 3,233 individuals. The oral health 
data is self-reported and comes from one question on the oral health questionnaire, while 
the serum PFOA concentration comes from the NHANES blood test given during the 
physical examination. Descriptive and univariate comparisons were analyzed using Excel 
and SAS to describe and compare PFOA and oral health, along with data on other 
demographic, health, and social factors that could impact the relationship between oral 
health and serum PFOA concentration. Additional analyses were performed in SAS V 9.3 
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including stratification of the PFOA-oral health relationship, and multivariable logistic 
regression analyses to better assess the effects of confounding and effect modification on 
the primary hypothesis variables. 
 Results show that above average PFOA subjects were more likely to be males, 
aged 50 years and older, Whites, in the top 25% of incomes, college graduates, and those 
who drink alcohol frequently or heavily. Oral health, body mass index (BMI), cholesterol 
level, diabetes status, and smoking habits, were not statistically associated with serum 
PFOA concentration. Results also found that individuals with better oral health were 
more likely to be Whites, aged 20-40 years or 60-69 years, with healthy BMIs, non-
diabetics, college graduates in the top 25% of incomes, alcohol drinkers less than 5 times 
per week, and are not binge drinkers or current smokers. 
 Since other factors might affect the relationship between oral health and PFOA 
concentration, the stratified results were performed to reveal effect modification and 
confounding factors. Males,	   certain	   age	   groups,	   BMI,	   frequency	   of	   alcohol	  consumption,	   and	   smoking	   habits	   are	   all	   effect	   modifiers	   for	   the	   relationship	  between	  serum	  PFOA	  concentration	  and	  oral	  health.	  This	  suggests	  that	  there	  could	  be	  other	  biological	   factors	  aside	  from	  PFOA	  concentration	  affecting	  the	  oral	  health	  outcomes.	  	   Finally,	   a	   logistic	   regression	   model	   controlling	   for	   multiple	   potential	  confounders	  supports	   the	  stratified	  results,	   concluding	   that	  PFOA	  concentration	   is	  not	  related	  to	  self-­‐reported	  oral	  health	  in	  a	  statistically	  significant	  relationship.	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   In conclusion, based on the consistency of the evidence across the analyses, this 
study found no statistically significant relationship between serum PFOA concentration 
and self-reported overall oral health. To verify this conclusion, future studies with more 
defined oral health measures, rather than the self-reported oral health ratings provided by 
the NHANES would be useful. These studies should also explore the effect modifiers to 
determine if there truly are other biological factors affecting the relationship between 
serum PFOA concentration and self-reported oral health. Finally, a study measuring the 
temporality between exposure and disease is needed to determine cause and effect 
between PFOA concentration and oral health relationships. Specifically the study would 
need to include timing of the oral health outcomes in relation to PFOA concentration to 
determine whether PFOA concentration changes precede oral health changes (and not the 
reverse). 
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INTRODUCTION 
 Society depends on the health of its members. When illnesses impact a society, it 
causes individuals to miss work or school, or it results in discomfort from the disease, 
thus decreasing productivity. Systemic health and oral health are interdependent, and oral 
health largely affects quality of life. Good oral health is crucial for eating, talking, 
smiling, and self-confidence. Aside from that, oral health is associated with several 
systemic diseases, including, but not limited to, cardiovascular disease and Type II 
diabetes (Serra et al., 2014; Hansen et al., 2014; Casanova et al., 2014; Banthia et al., 
2014). Faced with oral health issues, society as a whole, and the individual, must choose 
to dedicate time and money toward dental treatment or endure the pain and risk the 
problem escalating. This thesis will focus on one potential threat to oral health that is 
found in the environment: polyfluorooctanoic acid (PFOA). 
 The environment has a large impact on human health because individuals breathe, 
eat, and touch their surroundings, exposing themselves to various pollutants. One 
example, PFOA is a manmade chemical used in manufacturing. It has become quite 
abundant in the environment, especially in food, drinking water, house dust, clothing 
(Gore-Tex), and nonstick cooking surfaces used for food packaging and pan coatings, 
including Tephlon pans, microwavable popcorn bags, and take-out pizza boxes (Post et 
al., 2012). PFOA persists in the environment, and, when ingested, it binds to proteins in 
the serum where it has a half-life of 2.4 years (Russell et al., 2014). Over time, the PFOA 
accumulated in the blood can interfere with systems in the body, and this disruption is 
suggested to lead to several diseases, including some cancers, thyroid disease, 
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cardiovascular disease, and reduced fetal growth (Barry et al., 2013; Shankar et al., 2012; 
Johnson et al., 2014; Winquist and Steenland, 2014). PFOA was first manufactured in the 
1960s and was considered to be a healthy, low-fat alternative to high oil and butter usage. 
However, since 2003 the United States Environmental Protection Agency (EPA) has been 
working to ban the use of PFOA from cookware because PFOA bioaccumulates and has a 
long half-life in the environment and the human bloodstream; however, there is no data 
on toxicity in humans at this point. DuPont, the major Teflon producer, agreed to remove 
95% of PFOA from cookware production by 2010 and to completely eliminate its use by 
2015; however, PFOA is still used in other sources, such as microwavable popcorn bags, 
greasy food packaging, and no stain carpets (Voogt, 2010). PFOA is still found in the 
blood serum of more than 99% of the US population, so it remains a potential health 
threat, despite efforts to reduce PFOA from the environment (Winquist and Steenland, 
2014). 
 Because overall oral health is related to several PFOA-associated diseases, such 
as certain cancers, thyroid disease, cardiovascular disease, and decreased fetal growth, it 
is plausible that the presence of PFOA is also associated with poor oral health because 
these diseases contribute to poor oral health, either directly or indirectly through their 
treatments (Barry et al., 2013; Shankar et al., 2012; Johnson et al., 2014; Winquist and 
Steenland, 2014). It is also possible that PFOA has an independent mechanism where it 
causes oral health issues by interrupting the development and/or the maintenance of the 
oral cavity. 
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 This thesis addresses the relationship between serum PFOA concentrations and 
overall oral health, with the hypothesis that higher concentrations of PFOA negatively 
affect overall oral health. Using data from the 2007-2008 and 2009-2010 National Health 
and Nutrition Examination Surveys (NHANES), this paper will determine whether or not 
there is a relationship between serum PFOA concentration and quality of oral health; 
however, future studies will be needed to determine the cause of this relationship if one 
exists. 
 
BACKGROUND 
 While the human body is able to process and eliminate many toxins through 
urination, sweating, defecation, and exhalation, some toxins remain in the body and can 
cause damage. One example is bisphenol A (BPA), which is a well-known chemical used 
in the synthesis of polycarbonates, thermal papers, and epoxy resins. Because of its use in 
manufacturing, BPA is abundant in food, water, and house dust and is only removed from 
the environment by bacteria or fungi capable of breaking it down for use as a carbon 
source. In humans, BPA can be detected in tissues, including adipose (because it is 
lipophilic), and fluids. BPA is a xenoestrogen, and because it resembles a natural 
estrogen called estradiol, this allows it to bind estrogen receptors, leading to endocrine 
disruption. This results in many diseases, including pregnancy complications, some 
cancers, obesity, and diabetes (Michalowicz, 2014).  
 The focus of this thesis is on similar manmade chemical called polyfluorooctanoic 
acid (PFOA), which is found in food, drinking water, house dust, and non-stick cooking 
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surfaces used for food packaging and pan coatings (Post et al., 2012). PFOA is similar to 
BPA in that it also causes endocrine disruption by mimicking estradiol, it is common and 
persistent in the environment, it has a half-life of 2.4 years in the human body, and it is 
only eliminated from the body in urine or feces (Russell et al., 2014). PFOA mainly 
enters the body by oral exposure; however it could enter through a break in the skin or 
via inhalation. Once it reaches the bloodstream, PFOA bioaccumulates in serum by 
attaching to albumin and other proteins (Post et al., 2012). It has been banned from some 
sources; however, more than 99% of Americans still have detectable PFOA in their 
serum (Winquist and Steenland, 2014). 
PFOA AND MEDICAL CONDITIONS 
 PFOA is associated with several diseases: certain cancers, thyroid disease, 
cardiovascular disease, and decreased fetal growth (Barry et al., 2013; Shankar et al., 
2012; Johnson et al., 2014; Winquist and Steenland, 2014). 
 Because PFOA was shown to induce liver, testicular, and pancreatic tumors in 
rats, there is concern that it could be associated with human cancers as well (Biegel et al., 
2001). In 2013, Barry et al. published an article supporting this concern. The incidence of 
kidney and testicular cancers was higher in a population of individuals living near the 
DuPont chemical plant in the Mid-Ohio Valley where the drinking water is contaminated 
with seven times more PFOA than in the general US population. The median serum 
concentration of PFOA in this region was 28 ng/mL at the beginning of this study in 
2005, compared to 4 ng/mL in the general US population that year. This study only 
includes data from those patients who were alive for the initial interviews in 2004-2005 
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and for the final interviews in 2008-2011. This study might underestimate the impact of 
PFOA on highly fatal cancers, like kidney cancer, because individuals who died before 
the final interview were excluded from the study (Barry et al., 2013). The mechanism by 
which PFOA induces human tumors is unknown; however, it is likely similar to those 
mechanisms proposed in rat cancers. In rats, PFOA activates peroxisome proliferator 
receptors, potentially leading to liver cancer. In rat testicular cancer, PFOA up-regulates 
estradiol production, possibly resulting in testicular tumors (Biegel et al., 2001). 
 This association between elevated serum PFOA concentration and disease is not 
limited to cancers; it is also evident with thyroid disease. Thyroid disease is characterized 
by the impairment of the thyroid, the organ responsible for thyroid hormone production, 
which regulates metabolism. According to an NHANES study using 1999-2000 data from 
nearly 4,000 participants, thyroid disease is significantly more prevalent in women in 
quartile 4 (the quartile with the highest serum PFOA concentration: >5.7 ng/mL) than 
quartiles 1 and 2 (the quartiles with the lowest serum PFOA concentrations: ≤4.0 ng/mL). 
For women, the prevalence of currently treated thyroid disease jumped from 8.14% in Q1 
to 16.19% in Q4; however, there was no significant difference in thyroid disease 
prevalence for men (Melzer et al., 2010). Another study used the data from the 
population of individuals in the Mid-Ohio Valley (as discussed above). These researchers 
found a correlation between elevated PFOA exposure and thyroid disease for women. 
The data was broken into quintiles where Q1 had the lowest PFOA exposure (<142 
ng/mL-years) and Q5 had the highest (≥3,579 ng/mL-years). The disease hazard ratios 
when compared to Q1 were 1.00, 1.24, 1.27, 1.36, and 1.37, which shows a statistically 
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significant increasing trend (p=0.03) (Winquist and Steenland, 2014). The exact 
mechanism for this disruption is unknown; however, PFOA could interrupt thyroid 
hormone homeostasis at any one of many steps in the production and use of these 
hormones: thyroid hormone biosynthesis, transport, metabolism, or action on target cells. 
 Another disease associated with elevated serum PFOA concentration is 
cardiovascular disease (CVD), the leading cause of death in the United States (Shankar et 
al., 2012). CVD includes conditions that narrow or block the blood vessels, likely 
resulting in angina, heart attack, or stroke. An NHANES study revealed that serum PFOA 
concentration and CVD are related. The multivariable odds ratio for quartile 4 (Q4: ≥5.6 
ng/mL PFOA in serum) compared to the reference quartile (Q1: <2.9 ng/mL in serum) 
was 2.01, independent of traditional cardiovascular risk factors such as age and sex 
(Shanker et al., 2012). There is no data showing how PFOA causes CVD, if it does at all; 
however, Shankar et al. suggest a few potential mechanisms. For instance, PFOA is 
associated with high cholesterol levels, increased serum uric acid levels, and insulin 
resistance. These are all independent factors contributing to CVD development, but 
future studies are needed to determine the specific role of PFOA in cholesterol 
metabolism and CVD. 
 PFOA is also associated with stunted fetal growth and, therefore, risks for 
developmental delays after birth (Johnson et al., 2014). Using the Navigation Guide 
methodology (a system allowing the analysis of a large selection of toxicity data from 
diverse sources) this group conducted a meta-analysis using data from 9 studies that met 
the inclusion requirements. They found that for every 1 ng/mL increase in the mother’s 
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serum PFOA concentration, there was an 18.9 g decrease in the baby’s weight at birth 
(Johnson et al., 2014). This study cannot decipher between PFOA causing decreased fetal 
growth or mothers with decreased fetal growth having lower blood volume, and thus 
causing higher serum PFOA concentration, so again, future studies are needed to prove 
causality and determine a mechanism for PFOA involvement. 
 Aside from these diseases, PFOA has been shown to inhibit the adaptive immune 
response in mice. Following the oral administration of PFOA, the serum concentration of 
the antibodies, Ig-M and Ig-G, did not increase upon receipt of an immunization that 
induces the increase in the production of Ig-M and Ig-G when PFOA has not been 
administered (Yang et al., 2002). 
PFOA AND ORAL HEALTH 
 PFOA could potentially impact oral health; however, it has not yet been a focus of 
research. The medical definition of oral health is the absence of mouth pain, lesions, 
active periodontal disease, active tooth decay, and any other disease actively affecting the 
oral cavity (Gregory et al., 2005). Beyond the medical definition, oral health certainly 
affects individuals’ quality of life. When someone has pain or visible abnormalities in his 
or her mouth, it becomes more difficult to eat, talk, smile, and feel confident, which 
obviously has a negative impact on his or her overall wellbeing. Oral health is an 
important contributor to overall health and quality of life, and it can affect or be affected 
by many of the diseases associated with PFOA. 
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 There is no research that currently connects PFOA level with oral health. 
However, if the PFOA level is related to other diseases that have been shown to affect 
oral health, then it may be possible to link the presence of PFOA to oral health. 
 PFOA could affect oral health through any of the diseases described above, and/or 
their treatments. Cancer treatment, for example, can cause reduced salivary flow by 
damaging the salivary glands, resulting in the inability to cleanse the mouth (Margalit et 
al., 2015). Without this cleanse, sugars and bacteria can build up and, with time, they will 
likely cause dental caries. Likewise, hypothyroidism, one form of thyroid disease, is also 
associated with other oral health issues. Patients with low levels of thyroid hormone 
output have shown oral health problems, including macroglossia (enlargement of the 
tongue) and skeletal and dental malocclusion (misalignment of the two dental arches) 
(Gupta et al., 2014). Cardiovascular disease, particularly atherosclerosis, and periodontal 
disease both involve plaque build-up and inflammation. This inflammation triggers the 
release of cytokines and pro-inflammatory mediators, which circulate in the bloodstream 
and can affect the endocrine system (Meurman et al., 2004). Periodontal disease is also 
related to decreased fetal growth because mothers with periodontal disease have a higher 
risk of delivering low birth weight (LBW) babies (Kim et al., 2012). While having a 
LBW baby does not directly affect the mother’s health, it can greatly impact the baby’s 
development, including the formation of teeth and their support structures. Clearly, if 
relationships exist between serum PFOA concentration and cancers, thyroid disease, 
cardiovascular disease, and stunted fetal growth it will have oral health implications. 
Individuals affected by these oral health issues would indicate lower quality overall oral 
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health on the NHANES, whether they have dental caries, macroglossia, malocclusion, 
periodontal disease, or structural deformations in the oral cavity. 
 There are other health factors that could play into overall oral health as well. 
These factors include gender, age, BMI, diabetes status, race, alcohol consumption, 
smoking habits, economic status, and education level.  
 Men and women have genetic, hormonal, and cultural differences, all of which 
can affect oral health. For instance, estrogen is essential for enamel development and 
maintenance because it up-regulates the production of carbonic anhydrase, an enzyme 
responsible for building the crystal structure of tooth enamel (Kakei et al., 2013). Pre-
menopausal females have about four-fold the amount of estrogens than males (Horstman 
et al., 2012), and this difference could affect the caries incidence between men and 
women. This is only one of many examples of differences in the male and female 
endocrine systems, so it is important to separately analyze males and females in a study 
involving an endocrine disruptor, such as PFOA. 
 Age is another factor that leads to physiological differences among individuals. 
Just as estrogen level differences between men and women can affect oral health, 
estrogen level differences between pre-menopausal and post-menopausal women is an 
example of biochemical variation attributed to age. Women lose about 80% of their 
estrogens during their first year of menopause, and the serum concentration of estrogens 
also decreases with age in men. This has been associated with bone and tooth 
demineralization (Horstman et al., 2012), which could result in weakened tooth integrity. 
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Therefore, individuals must be grouped by age to account for this variation, among 
others. 
 Like gender and age, one’s body mass index (BMI) affects his or her endocrine 
system. Ghrelin, an appetite-stimulating hormone, is down regulated in individuals with a 
high level of fat; while leptin, an appetite-suppressing hormone, is up regulated in 
individuals with a high level of fat (Ursavas et al., 2010). A raised level of ghrelin, as 
seen in someone who is starving or has a low level body fat, is associated with reduced 
salivary secretion (Yagi et al., 2012). Saliva flow is important for the protection and 
preservation of the teeth and mucosal surfaces in the mouth, so, this is one example 
where BMI could have an effect on oral health. 
 Another condition that lowers salivary secretion, also threatening oral health, is 
diabetes. When someone is diabetic, his or her body does not control its blood sugar 
level, which allows the formation of an altered form of hemoglobin: hemoglobin with an 
attached sugar. As the concentration of this form of hemoglobin increases, the saliva flow 
decreases (Leite et al., 2013). Just as the reduced salivary secretion due to the raised level 
of ghrelin has the potential to affect oral health, the decreased saliva flow due to the 
presence of the sugar-bound hemoglobin could have a negative effect on oral health. In 
addition to, or possibly a result of, lowering salivary secretion levels, diabetes and 
periodontal disease have a better relationship. Diabetes increases the risk of periodontitis, 
and research suggests that advanced periodontitis can compromise glycemic control and 
compound the diabetes (Casanova et al., 2015). 
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 While there does not seem to be a biological explanation for differences between 
the quality of oral health from one race to the next, races often have their own cultural 
norms within the larger American culture that everyone shares, and these cultural norms 
might contribute to the quality of oral health. One important aspect of culture is the food, 
and food certainly affects overall and oral health. If the culture’s food is particularly 
sugary, the individuals might appear more prone to dental caries. Or, if the individuals 
tend to be overweight because of their foods (and lifestyle), the problems associated with 
a high BMI could occur.  
 Alcohol consumption and smoking habits contribute to the development of oral 
cancer independently and jointly (Ferreria et al., 2013). Of course oral cancer is an 
extreme case of poor oral health; however, it is just one of many ways that alcohol and 
smoking could negatively affect oral health. Current heavy alcohol consumption and 
current smoking habits can also cause xerostomia, or dry mouth, promoting the formation 
of caries and even periodontal disease (O’Shea et al., 2015).  
 Unfortunately, economic status often plays a role in one’s quality of oral health. 
Without the means to get preventative treatment, a person will likely wait to be treated 
until there is noticeable disease. At this point, the quality of overall oral health is already 
decreased. 
 Education level might also have an impact on oral health. It could be that 
individuals with a higher level of education tend to make more money than individuals 
with a lower level of education, so they can afford preventative treatment. Another 
explanation is that individuals with a higher level of formal education also understand the 
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importance of oral health care and/or the best personal care methods, so they might put 
more effort into their oral health. 
 PFOA could directly affect oral health by disrupting the maintenance of the teeth, 
lips, cheeks, or tongue through endocrine disruption. This paper will not answer how 
PFOA affects overall oral health, but it can reveal whether or not overall oral health is 
associated with serum concentration of PFOA. 
 This thesis is a pilot study designed to detect relationships between individual’s 
exposure to PFOA and their quality of overall oral health through an analysis of National 
Health and Nutrition Examination Survey (NHANES) data from 2007-2008 and 2008-
2009. The NHANES is a national survey conducted by the Centers for Disease Control 
and Prevention (CDC) that combines interviews, physical examinations, and laboratory 
tests to portray a complete picture of the health and factors contributing to the health of 
about 5,000 participants a year from counties across the United States. It represents the 
US non-institutionalized civilian population, and the data is released in two-year cycles to 
improve statistical reliability (Centers, 2013).  
 Since the use of PFOA is in the control of manufacturers and consumers, it is 
important to know whether or not the health concerns outweigh the convenience in 
manufacturing. PFOA has not been the focus of many studies, or of any studies related to 
oral health, so the results from this analysis will help guide future studies regarding 
PFOA and could bring awareness to its use in manufacturing. The main hypothesis for 
this project is that higher serum PFOA concentration is associated with poorer overall 
oral health.  
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METHODS 
 The 2007-2008 and 2009-2010 NHANES datasets were used in this analysis. The 
data is a collection of information gathered by questionnaires administered in the home 
and a standardized physical examination in a mobile examination vehicle (MEV). This 
physical examination includes a dental exam, blood and urine tests, and physical 
measurements.  
 Participants in the NHANES are not a random sample, but rather a group of about 
5000 individuals chosen by a four-step sampling design to represent the civilian, non-
institutionalized resident population of the US. Step one locates counties, step two locates 
segments of those counties, step three selects households, and step four selects 
individuals from those households to participate in the NHANES. The NHANES is 
designed to oversample certain subgroups to increase the reliability of this data when 
analyzing those subgroups, so the data must be weighted during analysis to correct for 
this. From 2007-2010, Hispanics, Blacks, individuals at or below 130% of the poverty 
level, and individuals over 80 years old were oversampled. Since this analysis is a 
combination of two consecutive NHANES datasets, the results also require a weight to 
correct for differences between the two datasets. About 15 of the 3,000 counties in the 
US are surveyed; however, to protect the participants’ privacy, the specific counties are 
not released (Johnson et al., 2013). 
 The Boston University Institutional Review Board approved this exempt study 
(protocol number H-33298). The 2007-2008 and 2009-2010 NHANES data needed for 
this project was exported using SAS 9.3 (licensed to Boston University) and saved in two 
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separate excel files, by cycle. Individuals who did not have polyfluoronated compound 
serum analysis or those who did not fill out the oral health questionnaire were excluded 
from the datasets. Datasets were further cleaned to include only those individuals with 
information on both the primary outcome variable (overall oral health) and the predictor 
variable (serum PFOA concentration). Using “if” and “or” statements in Excel, the data 
points were then recoded and organized for analysis.  
 
PERFLUORINATED COMPOUNDS LABORATORY TEST 
 PFOA levels were determined from a laboratory test using the blood sample 
obtained during the MEC examination. This sample was tested with a solid phase 
extraction to isolate the serum from the whole blood, and this was coupled to High 
Performance Liquid Chromatography-Turbo Ion Spray ionization-tandem Mass 
Spectrometry (HPLC-TIS-MS/MS) (Centers, 2013). The detected PFOA concentrations, 
measured in ng/mL, were rounded to the nearest whole number for this analysis. An 
additional dichotomous variable was designed using the mean for the study sample. 
Individuals below the mean (4.2 ng/mL) were coded as low PFOA concentration, and 
those at or above the mean were coded as high PFOA concentration. The range of PFOA 
values were also categorized into quartiles and used to visualize differences between the 
very low and very high PFOA concentrations that went undetected when they were 
analyzed as two categories: above the mean and below the mean. 
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ORAL HEALTH QUESTIONNAIRE 
 The oral health data used in this analysis includes a question from the 
questionnaire portion of the NHANES; however, the exact wording is slightly different in 
the 2007-2008 NHANES and the 2009-2010 NHANES. The 2007-2008 NHANES 
question asks, “how would you describe the condition of your teeth?” and the options are 
excellent, very good, good, fair, or poor. While the answer choices are the same for the 
2009-2010 NHANES, the question is slightly different. It asks, “overall, how would you 
rate the health of your teeth and gums?” These questions are very similar, so the answers 
are comparable, validating the combination of these data sets for this study. The 
NHANES participants were also re-categorized into two oral health categories for the 
purpose of this analysis: better and worse. Individuals are categorized as reporting better 
oral health if they answered excellent or very good on the NHANES oral health question. 
An answer of good, fair, or poor is considered worse oral health in this analysis. An 
additional difference between these datasets regarding this oral health question is the age 
range of participants who were asked about their oral health. For the 2007-2008 
NHANES, individuals 20 years or older were asked, but for the 2009-2010 NHANES, 
only individuals 30 years or older were asked. In this analysis, the data sets are 
considered separately and combined, so the 20-29 year olds in the combined analysis 
consists only of individuals who participated in the 2007-2008 survey. 
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DEMOGRAPHIC DATA 
 Gender is classified as male or female, according to the respondent’s answer to 
the home interview questionnaire. 
 For this study, the age at the time of the blood test is the age used in the analysis 
because this is the age when the actual PFOA concentration was determined. Even if the 
person’s age at the time of the questionnaire is slightly younger, the answers would likely 
remain the same if the individual re-answered the questionnaire just a few months later. 
Individuals are grouped in 10-year increments (e.g. 20-29 years), as recommended by the 
NHANES analytic guidelines, and everyone 80 years or older is in the same group 
because they were top-coded at 80 to protect confidentiality (Johnson et al., 2013). 
Because of differences in inclusion criteria of the NHANES, the youngest group in the 
2007-2008 dataset is 20-29, and for the 2009-2010 dataset, the youngest group is 30-39. 
 Each participant answered several questions regarding the race with which they 
identify, and the NHANES combined the responses to these questions to categorize each 
person as a particular race. The race categories specified in the NHANES include non-
Hispanic black, non-Hispanic white, Mexican American, other Hispanic, and other. Non-
Hispanic, multiracial individuals are included in the other category (Johnson et al., 2013). 
To analyze income data, this study uses the income to poverty ratio (PIR) because this 
variable compares well over time. If income increases faster than the poverty level, one 
should be better off financially, and the opposite is true. The NHANES asks for family 
income, which is then divided by the federal poverty level. This level is based on the 
guidelines used to determine need for federal assistance programs, including Head Start, 
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Supplemental Nutrition Assistance Program (SNAP), and the National School Lunch 
Program. Individuals qualify for these programs if they fall below 130 percent of the 
federal poverty level, and the median PIR is just below 400 percent of the federal poverty 
level, according to the 2013 US Census. The PIR accounts for family size, year, and state 
of residency. Individuals at or below a PIR of 1 are living in poverty. Above that, 
individuals were grouped by percent over the federal poverty level. The 200% of poverty 
group consists of PIRs ranging from 1.01-2.00, the 300% of poverty group consists of 
PIRs from 2.01-3.00, the 400% of poverty group consists of PIRs from 3.01-4.00, and the 
500% of poverty group consists of PIRs at or above 4.01 because this variable was top-
coded at 5.00. 
 The education level categories used in NHANES are as follows: less than ninth 
grade education, some high school education, high school graduates, some college 
education, and college graduates. High school graduates include those who received a 
GED equivalent, while some college education includes individuals who have received 
an associate’s degree. Finally, college graduates include those who have received degrees 
of higher education as well. Analyses were performed using these responses, while a new 
variable was created to dichotomize education into high school or less compared to 
education beyond high school. 
 
ALCOHOL USE QUESTIONNAIRE 
 Three survey questions were used to determine each person’s alcohol usage. One 
drink is defined as twelve ounces of beer, eight-to-nine ounces of malt liquor, five ounces 
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of wine, or 1.5 ounces of 80 proof distilled spirits. The first question about alcohol 
consumption inquires about how often they drank alcohol in the last week, month, or 
year, which is followed by the question clarifying whether the prior question refers to the 
week, month, or year. The third alcohol related question used in this analysis asks how 
many alcoholic drinks the participant consumed each time they drank. Using this data, 
two new variables were designed: the frequency of alcohol consumption and the volume 
of alcohol consumed per drinking occasion.  
 The frequency of drinking alcohol is important to distinguish between individuals 
who drink the same number of drinks. One person might drink that number of drinks in 
one night, while another drinks that many drinks spread over several occasions. Based on 
the answers to the NHANES questions described above, individuals were coded for their 
frequency of drinking for this analysis as never, rare, infrequent, or frequent drinkers. To 
determine frequency of alcohol consumption, the questions regarding the number of 
drinks per week, month, or year, and the question clarifying whether they were referring 
to week, month, or year were used. The following variable design is based on that defined 
by Tolstrup et al. Consumption of zero drinks in the last week, month, or year indicates 
that the person never drinks alcohol. The person drinks rarely if he or she consumes 
alcohol one time per week or less, 1-4 times per month, or 1-52 times per year. He or she 
drinks infrequently if he or she consumes alcohol 2-4 times per week, 5-16 times per 
month, or 53-208 times per year. Drinking more often than this is considered frequently 
(Tolstrup et al., 2008).  
 The quantity of alcoholic drinks consumed each time the individual drinks alcohol 
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is also important because one drink each time someone drinks alcohol has different 
affects on their health than many drinks at one time. Based on the answers to the 
NHANES questions described above, individuals were coded for this analysis as never, 
moderate, heavy, or binge drinkers. Women have less water in their bodies to dilute the 
concentration of alcohol than men, so these values depend on gender (National Institute 
of Health, 2008). The following variable design is based on definitions from the National 
Institute of Health. For women, those who have one alcoholic drink each time they drink 
alcohol are moderate drinkers, those who have 2-3 alcoholic drinks each time they drink 
alcohol are heavy drinkers, and those who drink four or more alcoholic drinks each time 
they drink are binge drinkers. For men, those who have 1-2 alcoholic drinks each time 
they drink alcohol are moderate drinkers, those who have 3-4 alcoholic drinks each time 
they drink alcohol are heavy drinkers, and those who drink five or more alcoholic drinks 
each time they drink are binge drinkers (National Institute of Health, 2008; Gold and 
Aronson, 2014). 
 
SMOKING - CIGARETTE USE QUESTIONNAIRE 
 Two questions from the NHANES were used to determine the smoking status for 
each person. One question asked if they have smoked 100 or more cigarettes in their 
lives, and the other asks how often they currently smoke. For this study, individuals have 
been recoded to fall into three categories for smoking: individuals who have never 
smoked, individuals who smoked in the past, and individuals who currently smoke. 
Individuals who have never been smokers are individuals who have not smoked 100 or 
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more cigarettes in their lives. Those who have smoked 100 or more cigarettes in their 
lives but currently do not smoke are past smokers. Those who have smoked 100 or more 
cigarettes in their lives and answered that they smoke every day or some days are current 
smokers. 
 
DIABETES QUESTIONNAIRE 
 The diabetes data used in this analysis came from the questionnaire portion of the 
NHANES. Participants were asked if a doctor has ever told them they were diabetic, or 
borderline diabetic. Based on their answers, individuals were coded as diabetic, 
borderline diabetic, or not diabetic. 
 
BODY MEASURES EXAMINATION 
 During the examination, each participant’s body mass index (BMI) was 
calculated. BMI is a measure of relative weight based on height and body mass.  
BMI = mass(pounds)/height(in inches)2*703 
The NHANES reports BMI as a continuous variable; however, it has been recoded into 
categories for this analysis. A BMI less than or equal to 18.5 indicates that that person is 
underweight, a BMI ranging from 18.6-24.9 indicates a person of normal weight, a BMI 
ranging from 25-29.9 indicates that that person is overweight, and a BMI of 30 or more 
indicates that that person is obese (World Health Organization, 2006). Since the sample 
size for underweight individuals was so small, it has been combined with the normal 
weight category. 
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 During the examination, blood was collected for several tests including a 
cholesterol test. This test is a measure of the change in absorbance at 520 nm at a fixed-
time interval after the blood is combined with enzymes that interact with the cholesterol 
in the sample. The change in absorbance at 520 nm is directly proportional to the 
concentration of cholesterol in the sample (Centers for Disease Control and Prevention, 
2013). The NHANES reports cholesterol as a continuous variable; however, it has been 
recoded into categories for this analysis. Less than 200 mg/dL is considered healthy, 200-
239 mg/dL is borderline hypercholesterolemia, and 240 mg/dL or higher is considered 
hypercholesterolemia based on the risk of heart disease associated with those cholesterol 
levels (American Heart Association, 2015). 
 
DATA ANALYSIS 
 The analysis of this data was completed using Excel and SAS 9.3, and the results 
were compared to reassure that there was no human error involved in the calculations. 
These calculations were made for the 2007-2008 dataset, the 2009-2010 dataset, and the 
two datasets combined.  
 First, Excel was used to calculate the unweighted descriptive statistics. The 
percentage of individuals classified as having a given characteristic was determined (i.e. 
the percentage of males). Then, for those individuals possessing a given characteristic, 
the percentage of individuals with a low PFOA concentration (below the mean) was 
determined, and the percentage of individuals with a high PFOA concentration (above the 
mean) was determined. A similar calculation was also completed to determine and 
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compare the percentages of individuals within a characteristic group with better oral 
health (those who selected very good or excellent when asked about their oral health) and 
worse oral health (those who selected good, fair, or poor). Finally, the average PFOA 
concentration for individuals within each characteristic group was calculated (i.e. the 
average PFOA concentration among males). 
 Next, the two cycles of data were imported and merged in SAS. Descriptive 
statistics, such as frequencies, means, standard deviations, medians, and ranges were 
calculated, as appropriate. Chi-square tests, t-tests, and ANOVAs were calculated with 
and without adjusting for weight, cluster and strata for the PFOA and oral health 
comparisons. To determine whether relationships vary over levels of other variables that 
might confound associations, stratification of the PFOA and oral health relationship by 
potential confounders or effect modifiers was completed. Finally, a logistic regression 
model predicting worse oral health was conducted using the proc survey logistic 
procedure taking into account the NHANES complex sampling design.  
 In this model, worse oral health is the outcome variable. The control traits for 
each characteristic are as follows: males, 30-39 year olds, Whites, less than a ninth grade 
education, less than or equal to a PIR of 1, a healthy BMI, a healthy cholesterol level, 
non-diabetics, individuals who never drink alcohol, and individuals who have never 
smoked. These controls were chosen because they are either lacking the exposure of 
interest or at the lowest level of the subjects included in this study, with the exception of 
the age control. The 30-39 year old age group was selected as the control for this model 
because it is the youngest age group represented in both the 2007-2008 and the 2009-
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2010 NHANES. Lastly, the frequency of alcohol consumption was not included in this 
model because there is too much overlap between alcohol volume and alcohol frequency. 
Alcohol frequency was chosen as the characteristic tested in this model because the 
results were more significant. 
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RESULTS 
 The participants of this study represent the US non-institutionalized, civilian 
population. Tables 1, 2, and 3 illustrate distribution of the study sample and the weighted 
adjustments after taking into account the complex sampling design.  
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Table 1: Participant Demographics 
Characteristic Variable Study 
Sample 
Size 
Percent 
of Total 
Study 
Sample 
Population 
Size 
Weighted 
Percent 
Male 1569 48.5 88,556,741 48.6 Gender 
Female 1666 51.5 93,648,930 51.4 
20-29  284 8.3 19,191,666 10.5 
30-39 552 16.5 34,952,269 19.2 
40-49 610 19.3 41,108,815 22.6 
50-59 592 18.2 38,077,087 20.9 
60-69 574 17.9 25,942,712 14.2 
70-79 387 12.0 14,121,851 7.8 
Age 
(years) 
80+ 236 7.7 8,811,271 4.8 
Black 578 17.9 18,704,910 10.3 
White 1571 48.6 127,640,742 70.1 
Mexican 
American 
570 17.6 14,998,256 8.2 
Other 
Hispanic 
355 11.0 8,755,737 4.8 
Race 
Other 161 5.0 12,106,025 6.6 
< 9th 
grade 
413 13.1 12,615,977 7.1 
Some 
high 
school 
521 16.5 22,051,812 12.4 
High 
School 
Diploma 
716 22.7 40,568,021 22.8 
Some 
College 
824 26.1 50,706,390 28.4 
Education 
College 
Diploma 
or More 
684 21.7 52,293,942 29.3 
≤1 598 20.5 22,745,084 13.6 
1.1-2 805 27.6 33,991,069 20.3 
2.1-3 452 15.5 25,981,803 15.5 
3.1-4 294 10.1 20,553,607 12.3 
PIR 
>4 772 26.4 64,157,690 38.3 
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 Table 1  categorizes demographic characteristics of the NHANES participants 
and larger US population. There are slightly fewer males (48.6%) than females (51.4%) 
in the US, which is also reflected in the NHANES. Study participants were primarily 
aged between 30 and 70, and after accounting for sample design, the highest percentages 
of participants were found in the 40-49 year old range (22.6%) and the 50-59 year old 
range (20.9%). Frequencies decreased with increasing age. The racial distribution for the 
total study sample clearly demonstrates the racial oversampling strategies. After 
appropriate weighting and clustering are applied, the study sample represents 70% 
whites, followed by 10% blacks, and 8% Mexican Americans. Almost 5% of the 
participants identified themselves as ‘other Hispanic’ and almost 7% are of ‘other’ race. 
While almost 30% of the population had earned a college diploma, nearly 20% of the 
population had not finished high school. Almost one quarter (23%) of the population 
stopped going to school after receiving a high school diploma, and 28.5% attended some 
college but stopped short of a Bachelor’s Degree. Over a third of the population has a 
PIR of 2 or lower, about 28% have a PIR ranging from 2.1 to 4, and 38% have a PIR 
greater than 4. 
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Table 2: Participant Health Characteristics 
Characteristic Variable Study 
Sample 
Size 
Percent 
of 
Total 
Study 
Sample 
Population 
Size 
Weighted 
Percent 
Below Mean  
(<4.2 ng/mL) 
1937 59.9 103,631,395 56.9 PFOA 
Concentration 
 Above Mean  
(≥4.2 ng/mL) 
1298 40.1 78,574,276 43.1 
Excellent 373 11.6 24,763,932 13.6 
Very Good 599 18.6 39,800,843 21.9 
Good 1134 35.2 67,266,968 37.0 
Fair 702 21.8 32,453,256 17.9 
Oral Heath 
Poor 415 12.9 17,422,311 9.6 
Healthy 
Weight 
880 27.5 53,903,485 29.8 
Overweight 1104 34.5 62,838,944 34.8 
BMI 
Obese 1217 38.0 63,982,010 35.4 
Healthy  
(<200 mg/dL) 
1742 53.9 97,783,684 53.7 
Borderline  
(200-239 
mg/dL) 
966 29.9 55,283,148 30.3 
Cholesterol 
Level 
Hyper-
cholesterolemia 
(>240 mg/dL) 
527 16.3 29,138,838 16.0 
Not Diabetic 2767 85.7 162,436,933 89.2 
Borderline 
Diabetic 
68 2.1 3,273,774 1.8 
Diabetes 
Status 
Diabetic 395 12.2 16,321,394 9.0 
 
 Table 2  categorizes the health characteristics for the NHANES participants and 
larger US population. Approximately 57% of the population had lower than average 
PFOA levels, while 43% had higher levels of serum PFOA. Only approximately one third 
(35.5%) of the study population had excellent or very good oral health. Most participants 
reported having good oral health (37%), and almost one in five participants reported 
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having fair or poor oral health. Only 30% of the population fell into the range of healthy 
BMIs (BMI <24.9), while 35% of the population fell into the overweight category (BMI 
from 25.5-29.9) and another 35% is obese (BMI >29.9). Almost half of the population 
had normal serum cholesterol levels (<200 mg/dL), 30% were borderline 
hypercholesterolemic (200-239 mg/dL), while 16% had high cholesterol when tested 
(>240 mg/dL). Finally, the majority of the population was non-diabetic (89%), based on 
self-reporting. 
Table 3: Participant Social Habits 
Characteristic Variable Study 
Sample 
Size 
Percent 
of Total 
Study 
Sample 
Population 
Size 
Weighted 
Percent 
Never 628 24.9 30,381,622 20.7 
Rarely 1260 49.9 74,300,146 50.6 
Infrequently 411 16.3 29,430,267 20.0 
Alcohol 
Frequency 
Frequently 227 9.0 12,847,131 8.7 
Never 628 24.9 30,381,622 20.7 
Moderately 940 37.2 59,691,905 40.6 
Heavily 608 24.1 36,659,078 24.9 
Alcohol 
Volume 
Binge 350 13.9 20,226,562 13.8 
Never 1697 52.9 99,475,183 54.9 
Past 826 25.8 44,191,946 24.4 
Smoking 
Habits 
Current 684 21.3 37,641,353 20.8 
 
 Table 3  categorizes the social characteristics of the NHANES participants and 
larger US population. About one in five individuals never drink alcohol, half of the 
individuals drink rarely (once per week) and one in five drink infrequently (2-4 times per 
week). Only about 9% of the population drinks frequently (more than four times per 
week). Interestingly, while most individuals drink four times per week or less, many 
individuals drink substantially on those occasions. One quarter (25%) of the population 
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drinks heavily (2-3 drinks per day for women or 3-4 drinks per day for men) and 14% of 
the participants are binge drinkers (>3 drinks per day for women or >4 drinks per day for 
men). Roughly half of those that drink alcohol (about 40% of the total population) do so 
moderately (≤1 drink per day for women or ≤2 drinks per day for men). Slightly over half 
(55%) of the population has never smoked cigarettes, while almost a quarter smoked in 
the past but does not currently. About 21% of the population currently smokes cigarettes. 
 
COMPARISONS BETWEEN HIGH AND LOW PFOA SERUM LEVELS 
 Tables 4, 5, and 6 illustrate comparisons between the individuals who make up 
the low PFOA concentration (below the mean of 4.2 ng/mL) and the individuals who 
make up the high PFOA concentration (at or above the mean of 4.2 ng/mL) for each of 
the study variables. A p-value less than 0.05 is considered statistically significant, while a 
p-value of 0.05 or higher is not statistically significant. 
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Table 4: Comparisons Between Low and High PFOA Concentration: Demographics 
Characteristic Variable Low 
[PFOA] 
Weighted 
Percent 
High 
[PFOA] 
Weighted 
Percent 
Overall 
Weighted 
Percent 
p value 
Male 40.0 59.9 48.6 Gender 
Female 59.9 40.1 51.4 
<0.0001 
20-29 9.1 12.5 10.5 
30-39 20.8 17.0 19.2 
40-49 25.0 19.3 22.6 
50-59 19.4 22.8 20.9 
60-69 13.7 15.0 14.2 
70-79 7.0 8.8 7.8 
Age 
(years) 
80+ 5.0 4.7 4.8 
0.0009 
Black 11.6 8.5 10.3 
White 64.9 76.9 70.1 
Mexican 
American 
10.1 5.8 8.2 
Other 
Hispanic 
5.9 3.3 4.8 
Race 
Other 7.5 5.5 6.6 
<0.0001 
< 9th grade 8.8 4.8 7.1 
Some high 
school 
13.0 11.6 12.4 
High School 
Diploma 
22.6 22.9 22.8 
Some 
College 
28.3 28.7 28.4 
Education 
Level 
College 
Diploma or 
More 
27.4 31.9 29.3 
0.0270 
≤1 15.4 11.3 13.6 
1.1-2 22.7 17.2 20.3 
2.1-3 15.4 15.6 15.5 
3.1-4 12.8 11.6 12.3 
PIR 
>4 33.7 44.3 38.3 
<0.0001 
 
 Table 4 compares those with a low PFOA concentration and those with a high 
PFOA concentration based on demographics. These p-values indicate that there are 
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statistically significant differences between low and high PFOA concentrations regarding 
gender, age, race, education level, and income. Males (60%) were more likely to have 
high PFOA levels than females (40%). There is also a statistically significant difference 
between low and high PFOA concentration by age. The 30-49 year olds have lower 
PFOA levels, while older individuals (50-79 years old) and the youngest participants of 
this study (20-29 year olds) had high levels of serum PFOA. Whites had a higher 
percentage of individuals with high PFOA concentrations than did Blacks, Mexican 
Americans, other Hispanics, or Others. College graduates are about 5% more likely to 
have high PFOA concentrations than low, and the opposite is true for individuals who do 
not have a high school diploma. Individuals with a high school diploma who are not 
college graduates are about equally likely to have high or low PFOA concentrations. 
Finally, individuals with higher incomes (PIR >4) tend to have higher PFOA 
concentrations (about 11% higher), while individuals with low incomes (PIR <2) tend to 
have lower PFOA concentrations (about 9% difference). The PIR range from 2.1-4 is 
about evenly distributed between the low and high PFOA concentration groups. 
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Table 5: Comparisons Between Low and High PFOA Concentration: Health Factors 
Characteristic Variable Low 
[PFOA] 
Weighted 
Percent 
High 
[PFOA] 
Weighted 
Percent 
Overall 
Weighted 
Percent 
p value 
Excellent 12.3 15.4 13.6 
Very Good 21.6 22.3 21.9 
Good 37.3 36.6 37.0 
Fair 18.9 16.5 17.9 
Oral Heath 
Poor 9.9 9.2 9.6 
0.3122 
Healthy Weight 30.6 28.9 29.8 
Overweight 33.2 36.8 34.8 
BMI 
Obese 36.2 34.4 35.4 
0.3140 
Healthy  
(<200 mg/dL) 
54.8 52.1 53.7 
Borderline  
(200-239 mg/dL) 
29.4 31.5 30.3 
Cholesterol 
Level 
Hypercholesterolemia 
(>240 mg/dL) 
15.7 16.4 16.0 
0.4881 
Not Diabetic 88.5 90.3 89.2 
Borderline Diabetic 1.6 2.1 1.8 
Diabetes 
Status 
Diabetic 10.0 7.6 9.0 
0.0599 
 
 Table 5 shows comparisons between those with a low PFOA concentration and 
those with a high PFOA concentration based on health factors. These p-values indicate 
that there are no statistically significant differences between low and high PFOA 
concentrations regarding oral health, BMI, cholesterol level, or diabetes status.  
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Table 6: Comparisons Between Low and High PFOA Concentration: Social Choices 
Characteristic Variable Low 
[PFOA] 
Weighted 
Percent 
High 
[PFOA] 
Weighted 
Percent 
Overall 
Weighted 
Percent 
p value 
Never 23.1 17.7 20.7 
Rarely 52.2 48.4 50.6 
Infrequently 17.7 22.9 20.0 
Alcohol 
Frequency 
Frequently 7.0 10.9 8.7 
<0.0001 
Never 23.1 17.7 20.7 
Moderately 39.6 41.9 40.6 
Heavily 24.4 25.6 24.9 
Alcohol 
Volume 
Binge 12.9 14.9 13.8 
0.0256 
Never 56.6 52.5 54.9 
Past 23.0 26.3 24.4 
Smoking 
Habits 
Current 20.4 21.2 20.8 
0.1620 
 
 Table 6 shows the comparisons between those with a low PFOA concentration 
and those with a high PFOA concentration based on social factors. These p-values 
indicate that there are statistically significant differences between low and high PFOA 
concentrations regarding the frequency of alcohol consumption, with individuals 
consuming alcohol once or less frequently per week (never/rarely) having lower serum 
PFOA concentrations compared to those who drink more frequently. However, the 
volume of alcohol consumed per drinking incidence and smoking habits did not have 
statistically significant distribution differences between low and high PFOA 
concentration groups. 
COMPARISONS BETWEEN BETTER AND WORSE ORAL HEALTH 
 Tables 7, 8, and 9 illustrate the comparisons between individuals with better oral 
health (a rating of excellent or very good self-reported oral health on the NHANES) and 
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individuals with worse oral health (a rating of good, fair, or poor self-reported oral health 
on the NHANES).  
Table 7: Comparisons Between Better and Worse Oral Health (OH): Demographics 
Characteristic Variable Better OH 
Weighted 
Percent 
Worse OH 
Weighted 
Percent 
Overall 
Weighted 
Percent 
p value 
Male 46.4 49.8 48.6 Gender 
Female 53.6 50.2 51.4 
0.0694 
20-29 12.0 9.7 10.5 
30-39 20.2 18.6 19.2 
40-49 20.1 23.9 22.6 
50-59 17.5 22.8 20.9 
60-69 17.6 12.4 14.2 
70-79 7.4 8.0 7.8 
Age 
(years) 
80+ 5.3 4.6 4.8 
0.0027 
Black 7.8 11.6 10.3 
White 78.2 65.6 70.1 
Mexican 
American 
4.6 10.2 8.2 
Other 
Hispanic 
3.2 5.7 4.8 
Race 
Other 6.2 6.9 6.6 
<0.0001 
< 9th grade 4.5 8.5 7.1 
Some high 
school 
10.1 13.6 12.4 
High School 
Diploma 
15.9 26.5 22.8 
Some 
College 
28.1 28.6 28.4 
Education 
College 
Diploma or 
More 
41.4 22.7 29.3 
<0.0001 
≤1 9.6 15.8 13.6 
1.1-2 15.5 23.0 20.3 
2.1-3 14.9 15.9 15.5 
3.1-4 11.7 12.6 12.3 
PIR 
>4 48.3 32.7 38.3 
<0.0001 
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 Table 7 shows the comparisons between those with better oral health and those 
with worse oral health based on demographics. These p-values indicate that there are 
statistically significant differences between the overall oral health based on age, race, 
education level, and PIR; however, there are no statistically significant differences 
regarding gender.  
 Individuals from 20-39 years of age, 60-69 years old, and those 80 years and older 
have greater tendencies of falling into the better oral health category. In contrast, subjects 
aged 40-59 years old were more likely to report worse oral health.  
 There is a statistically significant difference between the better oral health group 
and the worse oral health group regarding race. About 70% of the overall population is 
white, but 78% of the better oral health group is white, indicating that whites tend to have 
better oral health. Blacks, Mexican Americans, other Hispanics, and individuals of other 
races all tend to have worse oral health.  
 Oral health and education level are also statistically related. Those who stopped 
their formal education at or before receiving a high school diploma have better tendencies 
to have worse oral health. On the contrary, those reporting having better oral health were 
20% more likely to have a Bachelor’s Degree or further formal than those with worse 
oral health. 
 Finally, there is a statistically significant relationship between oral health and 
income. Those with worse oral health tend to have low incomes (PIR ≤4), while those 
with better oral health tend to have higher incomes (PIR>4). 
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Table 8: Comparisons Between Better and Worse Oral Health (OH): Health Factors 
Characteristic Variable Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
Overall 
Weighted 
Percent 
p value 
Below Mean 54.3 58.3 56.9 
Above Mean 45.7 41.7 43.1 
0.1508 
Quadrant 1 15.7 17.6 16.7 
Quadrant 2 38.5 40.7 39.1 
Quadrant 3 28.2 24.5 26.8 
PFOA 
Concentration 
(ng/mL) 
Quadrant 4 17.5 17.2 17.4 
0.3145 
Healthy Weight 34.8 27.1 29.8 
Overweight 32.7 35.9 34.8 
BMI 
Obese 32.4 37.0 35.4 
0.0058 
Healthy (<200 
mg/dL) 
53.0 54.0 53.7 
Borderline (200-239 
mg/dL) 
31.8 29.5 30.3 
Cholesterol 
Level 
Hypercholesterolemia 
(>240 mg/dL) 
15.2 16.4 16.0 
0.5387 
Not Diabetic 92.4 87.5 89.2 
Borderline Diabetic 1.8 1.8 1.8 
Diabetes 
Status 
Diabetic 5.8 10.7 9.0 
<0.0001 
 
 Table 8 compares those with better oral health and those with worse oral health 
based on health factors. These p-values indicate that there are statistically significant 
differences between the overall oral health of individuals depending on body mass index 
(BMI) and diabetes status; however, there are no statistically significant differences 
regarding PFOA concentration or cholesterol level.  
 Individuals with better oral health tend to be of healthy weight, while those who 
report having worse oral health tend to have with excess weight. Individuals with worse 
oral health are 5% more likely to be obese than individuals with better oral health. 
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 While borderline diabetics are equally distributed in the better and worse oral 
health categories, this is not the case for individuals with diabetes or those who are not 
considered high risk for the disease. Individuals with worse oral health are about 5% 
more likely to be diabetic than those with better oral health, and the opposite is true for 
individuals who are not diabetic.  
Table 9: Comparisons Between Better and Worse Oral Health (OH): Social Factors 
Characteristic Variable Better OH 
Weighted 
Percent 
Worse OH 
Weighted 
Percent 
Overall 
Weighted 
Percent 
p value 
Never 18.4 26.6 20.7 
Rarely 52.3 46.2 50.6 
Infrequently 20.7 18.4 20.0 
Alcohol 
Frequency 
Frequently 8.7 8.8 8.7 
0.0004 
Never 18.4 26.6 20.7 
Moderately 42.7 35.4 40.6 
Heavily 27.4 18.6 24.9 
Alcohol 
Volume 
Binge 11.5 19.5 13.8 
<0.0001 
Never 64.3 49.6 54.9 
Past 23.4 24.9 24.4 
Smoking 
Habits 
Current 12.3 25.4 20.8 
<0.0001 
 
 Table 9 compares those with better oral health and those with worse oral health 
based on social factors. These p-values indicate that there are statistically significant 
differences between the overall oral health of individuals based on alcohol frequency, 
alcohol volume, and smoking habits.  
 Interestingly, those with worse oral health tend to never drink alcohol (about 8% 
more often than those with better oral health); however, individuals who have better oral 
health tend to drink rarely (≤1 time per week) or infrequently (2-4 times per week). 
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Frequent alcohol consumers (5-7 times per week) were equally distributed between the 
good and bad oral health groups. 
 The volume of alcohol consumed per drinking occasion has an even better 
relationship than the frequency of alcohol consumption. Those who report worse oral 
health are much more likely (8%) never to drink alcohol or to binge drink (4 or more 
alcoholic beverages per day for women or 5 or more drinks per day for men). In contrast, 
individuals who report having better oral health are much more likely (about 8%) to drink 
moderately (less than 1 drink per day for women or less than 2 drinks per day for men) or 
heavily (2-3 drinks per day for women and 3-4 drinks per day for men). 
 Evidently, current smoking habits have a statistically significant relationship with 
overall oral health, but past smokers are roughly distributed evenly between the two oral 
health categories. Individuals who report having better oral health are 15% more likely to 
have never smoked than those reporting worse oral health. Those with worse oral health 
are nearly 15% more likely to be current smokers. 
 
ORAL HEALTH - PFOA CONCENTRATION RELATIONSHIP 
STRATIFIED BY VARIOUS FACTORS 
 Since there could be other factors affecting the relationship between oral health 
and PFOA concentration, the following are the stratified results that reveal effect 
modification and confounding factors. For example, oral health and PFOA concentration 
seem statistically unrelated. If males have statistically significant results and females do 
not, or vice versa, then gender has effect modification. An effect modification is an 
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important finding because it means that different levels of the variable results in a 
different relationship between PFOA concentration and oral health because of biological 
implications. If both males and females have statistically significant results, then gender 
is a confounding factor. This is also an important finding because it means that the 
characteristic (gender) results in statistically significant findings while the overall 
population shows no statistical significance. In other words, the characteristic distorts the 
results. 
 Figures 1 and 2 indicate the demographic variables with statistically significant 
relationships between serum PFOA concentration and oral health when stratified by 
gender or age. 
 Figure 1 compares low and high PFOA concentrations for those with good oral 
health and those with bad oral health depending on their gender. Males with higher serum 
PFOA concentrations tend to have better oral health than those with lower serum PFOA 
concentrations (p-value of 0.0309), but this difference is not significant for females 
because roughly the same percentage of females have better and worse oral health, 
regardless of their PFOA concentrations. Therefore, gender is an effect modifier. 
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Figure 1: Overall Oral Health and PFOA Concentration: Gender 	  
 Figure 2 compares low and high PFOA concentrations for those with better oral 
health and those with worse oral health depending on their age. There	   is	   a	   greater	  percentage	   difference	   for	   30-­‐39	   year	   olds	   between	   better	   and	   worse	   oral	   health	  among	   those	   with	   low	   PFOA	   levels	   (36%),	   than	   there	   is	   among	   those	   with	   high	  PFOA	  levels	  (8%).	  A	  similar	  relationship	  is	  seen	  for	  those	  aged	  50-­‐59	  years	  old,	  with	  the	   percentage	   differences	   between	   better	   and	   worse	   oral	   health	   greater	   among	  those	  with	  low	  PFOA	  levels	  (51%)	  than	  among	  those	  with	  high	  PFOA	  levels	  (29%).	  This	  indicates	  that	  age	  is	  an	  effect	  modifier	  because	  only	  30-­‐39	  year	  olds	  and	  50-­‐59	  year	  olds	  have	  statistically	  significant	  results.	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Figure 2: Overall Oral Health and PFOA Concentration: Age 	  
 There were no statistically significant differences between the PFOA 
concentration-oral health relationship when considering race, education level, or PIR as 
the third factor. These values are illustrated in Table 10. 
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Table 10: Low and High PFOA Concentration and Overall Oral Health Controlling 
for Demographics 
Low [PFOA] 
Weighted Percent 
High [PFOA] 
Weighted Percent 
Characteristic Variable 
Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
p 
value 
Black 28.1 71.9 24.7 75.3 0.3411 
White 38.1 61.9 41.2 58.7 0.3471 
Mexican 
American 
17.9 82.1 24.1 75.9 0.1652 
Other 
Hispanic 
24.4 75.6 21.5 78.5 0.6906 
Race 
Other 34.7 65.3 30.3 69.7 0.6583 
< 9th 
grade 
23.4 76.6 19.5 80.5 0.5692 
Some 
high 
school 
27.1 72.9 31.3 68.7 0.4522 
High 
School 
Diploma 
24.7 75.3 24.5 75.5 0.9564 
Some 
College 
32.1 67.9 38.6 61.4 0.1144 
Education 
College 
Diploma 
or More 
49.1 50.9 50.7 49.3 0.7369 
≤1 25.1 74.9 25.6 74.4 0.9079 
1.1-2 27.1 72.9 27.7 72.3 0.8702 
2.1-3 31.9 68.1 37.5 62.5 0.3202 
3.1-4 31.0 69.0 38.9 61.1 0.1802 
PIR 
>4 44.4 55.6 46.0 54.0 0.6717 
 
 Figure 3 indicates the health variables with a statistically significant relationship 
(body mass index) when grouped by overall oral health and serum PFOA concentration. 
While individuals with BMIs in the healthy and overweight categories do not affect the 
oral health and PFOA concentration groups, obese individuals with low PFOA 
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concentrations have about 7% worse oral health than obese individuals with high PFOA 
concentrations (p value of 0.0497). This indicates that obesity is an effect modifier. 
	  
Figure 3: Overall Oral Health and PFOA Concentration: Body Mass Index 	  
 There were no statistically significant relationships when considering cholesterol 
level or diabetes as the third factor, and these values are illustrated in Table 11. 
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Table 11: Low and High PFOA Concentration and Overall Oral Health Controlling 
for Health Factors 
Low [PFOA] 
Weighted Percent 
High [PFOA] 
Weighted Percent 
Characteristic Variable 
Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
p 
value 
Healthy 
Cholesterol 
Level 
33.5 66.5 37.1 62.9 0.2083 
Borderline 
High 
Cholesterol 
34.7 65.3 40.2 59.8 0.2009 
Cholesterol 
Level 
High 
Cholesterol 
33.3 66.7 34.1 65.9 0.8709 
Not Diabetic 34.9 65.1 38.9 61.1 0.1314 
Borderline 
Diabetic 
46.5 53.5 26.1 73.9 0.2562 
Diabetes 
Status 
Diabetic 21.5 78.5 25.4 74.6 0.4681 
  
 Figures 4 and 5 indicate the social variables with a statistically significant 
relationship (frequency of drinking alcohol and smoking habits) when grouped by overall 
oral health and serum PFOA concentration.  
 While individuals who drink alcohol never, rarely, or infrequently do not affect 
the oral health and PFOA concentration groups, in frequent drinkers the	   difference	  between	  better	   and	  worse	  oral	  health	  percentages	   is	  higher	   (32%)	   for	   those	  with	  low	  PFOA,	  than	  it	   is	  for	  those	  with	  high	  PFOA	  (3%)	  (p	  value	  of	  0.0426)	  (Figure 5). 
This indicates that frequent alcohol consumption is an effect modifier. 
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Figure 4: Overall Oral Health and PFOA Concentration: Alcohol Frequency 	  	   Similarly to drinking, smoking is an effect modifier. Current smokers with low 
PFOA concentrations have 8.5% worse oral health than current smokers with high PFOA 
concentrations (p value of 0.0174) (Figure 5). 	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Figure 5: Overall Oral Health and PFOA Concentration: Smoking Habits 
 There were no statistically significant relationships when considering volume of 
alcohol consumed per occasion as the third factor, and these values are illustrated in 
Table 12.	  
Table 12: Low and High PFOA Concentration and Overall Oral Health Controlling 
for Social Factors 
Low [PFOA] 
Weighted Percent 
High [PFOA] 
Weighted Percent 
Characteristic Variable 
Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
Better 
OH 
Weighted 
Percent 
Worse 
OH 
Weighted 
Percent 
p 
value 
Never 29.3 70.7 30.3 69.7 0.8792 
Moderately 38.3 61.7 42.0 58.0 0.4141 
Heavily 38.0 62.0 45.6 54.4 0.1001 
Alcohol 
Volume 
Binge 24.9 75.1 27.6 72.4 0.6693 
 	   Finally,	  logistic	  regression	  models	  were	  run	  using	  SAS.	  This	  analysis	  provides	  the	  point	  estimate,	   the	  95%	  confidence	   interval,	  and	  the	  p-­‐value	   for	  each	  variable.	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The	  point	  estimate	  is	  the	  measure	  of	  risk	  of	  a	  certain	  outcome	  (in	  this	  case,	  worse	  oral	   health).	   It	   is	   the	   prevalence	   of	   the	   disease	   in	   people	   with	   a	   particular	   trait	  compared	   to	   the	   prevalence	   of	   the	   disease	   in	   people	   without	   that	   trait.	   A	   point	  estimate	  of	  less	  than	  one	  means	  that	  trait	  protective,	  a	  point	  estimate	  of	  one	  means	  that	   trait	   does	   not	   affect	   the	   prevalence	   of	   that	   disease,	   and	   a	   point	   estimate	   of	  greater	   than	   one	   means	   that	   trait	   is	   a	   risk	   factor.	   The	   95%	   confidence	   interval	  indicates	   that	   the	   actual	  measure	   of	   risk	  will	   fall	   within	   that	   interval	   95%	   of	   the	  time.	  Finally,	  the	  p	  value	  indicates	  whether	  or	  not	  this	  data	  is	  statistically	  significant.	  A	   p	   value	   of	   less	   than	   0.05	   is	   statistically	   significant.	  Table	   13	   shows	   the	   logistic	  regression	  model	  for	  this	  study	  with	  worse	  oral	  health	  as	  the	  outcome	  variable.	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Table 13: Logistic Regression Model Predicting Worse Oral Health: PFOA 
Concentration Quartiles 	   Characteristic	   Effect	   Odds	  Ratio	   95%	  Confidence	  Interval	   p	  value	  Male	   Ref	   -­‐	   -­‐	  Gender	   Female	   0.912	   0.740-­‐1.126	   0.3922	  20-­‐29	   1.132	   0.671-­‐1.911	   0.6421	  30-­‐39	   Ref	   -­‐	   -­‐	  40-­‐49	   1.792	   1.218-­‐2.637	   0.0031	  50-­‐59	   1.730	   1.108-­‐2.700	   0.0158	  60-­‐69	   0.983	   0.642-­‐1.505	   0.9358	  70-­‐79	   1.097	   0.729-­‐1.651	   0.6557	  
Age	  (years)	  
80+	   1.003	   0.584-­‐1.723	   0.9909	  Mexican	  American	   1.591	   1.213-­‐2.086	   0.0008	  Other	  Hispanic	   1.595	   1.146-­‐2.222	   0.0057	  White	   Ref	   -­‐	   -­‐	  Black	   1.591	   1.194-­‐2.121	   0.0015	  
Race	  
Other	   1.481	   0.797-­‐2.752	   0.2136	  Less	  than	  9th	  Grade	   Ref	   -­‐	   -­‐	  Some	  High	  School	   0.841	   0.509-­‐1.390	   0.5000	  High	  School	  Diploma	   1.250	   0.765-­‐2.043	   0.3724	  Some	  College	   0.776	   0.475-­‐1.268	   0.3113	  
Education	  Level	  
College	  Graduate	   0.517	   0.301-­‐0.886	   0.0165	  0-­‐1.00	   Ref	   -­‐	   -­‐	  1.01-­‐2	   0.961	   0.606-­‐1.524	   0.8656	  2.01-­‐3	   0.800	   0.539-­‐1.187	   0.2675	  3.01-­‐4	   0.937	   0.593-­‐1.479	   0.7793	  
PIR	  
4.01+	   0.640	   0.444-­‐0.921	   0.0164	  Quadrant	  1	   Ref	   -­‐	   -­‐	  Quadrant	  2	   1.055	   0.773-­‐1.441	   0.7350	  Quadrant	  3	   0.908	   0.638-­‐1.292	   0.5906	  PFOA	  Concentration	   Quadrant	  4	   0.908	   0.617-­‐1.335	   0.6228	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Characteristic	   Effect	   Odds	  Ratio	   95%	  Confidence	  Interval	   p	  value	  Healthy	   Ref	   -­‐	   -­‐	  Overweight	   1.462	   1.046-­‐2.044	   0.0261	  BMI	   Obese	   1.37	   0.974-­‐1.926	   0.0375	  Healthy	   Ref	   -­‐	   -­‐	  Borderline	  High	  Cholesterol	   0.998	   0.765-­‐1.302	   0.9874	  Cholesterol	  Level	   High	  Cholesterol	   0.835	   0.627-­‐1.112	   0.2182	  Not	  Diabetic	   Ref	   -­‐	   -­‐	  Borderline	  Diabetic	   0.910	   0.354-­‐2.336	   0.8445	  Diabetes	  Status	   Diabetic	   1.250	   0.918-­‐1.702	   0.1560	  Never	   Ref	   -­‐	   -­‐	  Moderate	   0.948	   0.699-­‐1.285	   0.7302	  Heavy	   0.773	   0.546-­‐1.096	   0.1490	  Alcohol	  Volume	   Binge	   1.215	   0.793-­‐1.863	   0.3710	  Never	   Ref	   -­‐	   -­‐	  Past	   1.281	   1.044-­‐1.571	   0.0178	  Smoking	   Current	   2.622	   1.931-­‐3.560	   <0.0001	  	  	   The	  logistic	  regression	  model	  controlling	  for	  multiple	  potential	  confounders	  (Table	  13)	  supports	  the	  stratified	  results	  concluding	  that	  PFOA	  concentration	  is	  not	  related	  to	  oral	  health	  in	  a	  statistically	  significant	  relationship.	  However,	  this	  logistic	  regression	   model	   does	   highlight	   a	   relationship	   between	   oral	   health	   and	   several	  other	  traits,	  including	  a	  high	  education	  level	  (college	  graduates),	  a	  high	  income	  (top	  25%),	  being	  Mexican	  American,	  other	  Hispanic,	  or	  Black,	  being	  40-­‐59	  years	  old,	  and	  being	   overweight/obese.	   The	   other	   gender,	   age,	   race,	   education	   level,	   PIR,	   BMI,	  cholesterol	  level,	  diabetes,	  alcohol	  volume,	  and	  smoking	  traits	  listed	  in	  Table	  13	  do	  not	  have	  a	  statistically	  significant	  relationship	  with	  oral	  health	  outcomes.	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   Graduating	  from	  college	  and	  earning	  the	  top	  25%	  of	  income	  (PIR	  >4)	  in	  the	  United	  States	  are	  protective	  factors	  regarding	  oral	  health.	  College	  graduates	  are	  only	  about	   half	   as	   likely	   (odds	   ratio	   of	   0.517)	   to	   have	  worse	   oral	   health	   compared	   to	  people	  whose	   formal	   education	   ended	   before	   ninth	   grade.	   Individuals	  with	   a	   PIR	  greater	   than	  4	  are	  only	  about	  40%	   less	   likely	   (odds	   ratio	  of	  0.640)	   to	  have	  worse	  oral	  health	  compared	  to	  those	  with	  a	  PIR	  of	  less	  than	  or	  equal	  to	  1.	  	   In	  contrast,	  Mexican	  American,	  other	  Hispanics,	  Blacks,	  40-­‐59	  year	  olds,	  and	  overweight	  individuals	  are	  more	  likely	  to	  have	  worse	  oral	  health	  than	  Whites,	  30-­‐39	  year	   olds,	   and	   healthy	  weight	   individuals,	   respectively.	   Mexican	   Americans	   (odds	  ratio	   of	   1.591),	   other	   Hispanics	   (odds	   ratio	   of	   1.595),	   and	   Blacks	   (odds	   ratio	   of	  1.591)	   are	   all	   over	   1.5	   times	  more	   likely	   to	   have	   worse	   oral	   health	   than	  Whites.	  Likewise,	  40-­‐49	  year	  olds	  (odds	  ratio	  of	  1.792)	  and	  50-­‐59	  year	  olds	  (odds	  ratio	  of	  1.730)	  are	  about	  1.75	  times	  more	  likely	  to	  have	  worse	  oral	  health	  than	  30-­‐39	  year	  olds.	  Finally,	  overweight/obese	   individuals	  have	  about	  1.5	   times	   the	  risk	  of	  worse	  oral	  health	  compared	  to	  individuals	  with	  healthy	  weights.	  	   Table	   14	   is	   the	   logistic	   regression	   model	   using	   PFOA	   as	   a	   continuous	  variable.	   All	   other	   variables	   remain	   the	   same	   as	   seen	   in	   Table	   13.	   This	   model	  confirms	   that	   there	   is	   no	   statistically	   significant	   relationship	   between	   PFOA	  concentration	  and	  oral	  health	  outcomes,	  and	  the	  rest	  of	  the	  variables	  show	  similar	  results	   to	   Table	   13,	   except	   college	   graduates	   only	   have	   a	   nearly	   statistically	  significant	  relationship	  and	  heavy	  drinkers	  have	  a	  borderline	  statistically	  significant	  relationship	  in	  the	  continuous	  model.	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Table 14: Logistic Regression Model Predicting Worse Oral Health: PFOA 
Continuous Variable 	   Characteristic	   Effect	   Odds	  Ratio	   95%	  Confidence	  Interval	   p	  value	  Male	   Ref	   -­‐	   -­‐	  Gender	   Female	   0.966	   0.792-­‐1.179	   0.7345	  20-­‐29	   1.121	   0.673-­‐1.867	   0.6598	  30-­‐39	   Ref	   -­‐	   -­‐	  40-­‐49	   1.814	   1.195-­‐2.754	   0.0051	  50-­‐59	   1.749	   1.097-­‐2.789	   0.0189	  60-­‐69	   0.976	   0.627-­‐1.519	   0.9154	  70-­‐79	   1.195	   0.777-­‐1.837	   0.4173	  
Age	  (years)	  
80+	   1.134	   0.660-­‐1948	   0.6484	  Mexican	  American	   1.902	   1.463-­‐2.474	   <0.0001	  Other	  Hispanic	   1.841	   1.324-­‐2.560	   0.0003	  White	   Ref	   -­‐	   -­‐	  Black	   1.601	   1.192-­‐2.150	   0.0017	  
Race	  
Other	   1.607	   0.836-­‐3.089	   0.1546	  Less	  than	  9th	  Grade	   Ref	   -­‐	   -­‐	  Some	  High	  School	   0.838	   0.511-­‐1.374	   0.4842	  High	  School	  Diploma	   1.260	   0.762-­‐2.084	   0.3681	  Some	  College	   0.828	   0.510-­‐1.343	   0.4440	  
Education	  Level	  
College	  Graduate	   0.598	   0.347-­‐1.030	   0.0639	  0-­‐1.00	   Ref	   -­‐	   -­‐	  1.01-­‐2	   1.078	   0.671-­‐1.734	   0.7558	  2.01-­‐3	   0.955	   0.649-­‐1.406	   0.8157	  3.01-­‐4	   1.167	   0.761-­‐1.789	   0.4789	  
PIR	  
4.01+	   0.782	   0.535-­‐1.143	   0.2038	  PFOA	  Concentration	   Continuous	   0.874	   0.700-­‐1.091	   0.2335	  Healthy	   Ref	   -­‐	   -­‐	  Overweight	   1.532	   1.100-­‐2.134	   0.0117	  BMI	   Obese	   1.461	   1.028-­‐2.077	   0.0347	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Characteristic	   Effect	   Point	  Estimate	   95%	  Confidence	  Interval	   P	  Value	  Healthy	   Ref	   -­‐	   -­‐	  Borderline	  High	  Cholesterol	   1.003	   0.774-­‐1.298	   0.9835	  Cholesterol	  Level	   High	  Cholesterol	   0.839	   0.628-­‐1.121	   0.2351	  Not	  Diabetic	   Ref	   -­‐	   -­‐	  Borderline	  Diabetic	   0.904	   0.339-­‐2.415	   0.8408	  Diabetes	  Status	   Diabetic	   1.250	   0.918-­‐1.701	   0.1567	  Never	   Ref	   -­‐	   -­‐	  Moderate	   0.991	   0.722-­‐1.360	   0.9531	  Heavy	   0.727	   0.515-­‐1.027	   0.0701	  Alcohol	  Volume	   Binge	   1.014	   0.647-­‐1.588	   0.9516	  Never	   Ref	   -­‐	   -­‐	  Past	   1.278	   1.040-­‐1.569	   0.0195	  Smoking	   Current	   2.621	   1.932-­‐3.555	   <0.0001	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DISCUSSION 
 
 There are several important results from this analysis. It provides information on 
which populations tend to have lower or higher serum levels of PFOA, and it also 
explores which populations tend to have better or worse overall oral health. It is evident 
that PFOA concentration and self-reported oral health do not have a statistically 
significant relationship in this cross-sectional study. 
 Based on the consistent results for the univariate, stratified, and multivariate 
analyses, this study found no statistically significant relationship between serum PFOA 
concentrations and self-reported overall oral health. This raises the possibility that the use 
of PFOA in manufacturing is not an oral health concern, so poor oral health should not 
currently be added to the other health risks that should be considered when deciding on 
policies regarding the use of this chemical. However, the trends found in this study 
suggest that serum PFOA concentration might have a protective effect on oral health. The 
effect modifiers determined in this study, including gender, age, BMI, frequency of 
alcohol consumption, and smoking habits, suggest that other factors could influence the 
relationship between serum PFOA concentration and self-reported oral health while the 
two factors are not otherwise related.  
 These study results show that individuals with high serum PFOA levels were 
more likely to be males, 50-79 year olds, whites, college graduates, individuals in the 
upper 25% of income, and frequent alcohol consumers compared to those in the low 
PFOA concentration group. These gender, age, and race findings agree with the literature 
(Calafat et al., 2007; Steenland et al., 2010); however, research exploring the 
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relationships between serum PFOA concentration and education level, PIR, or alcohol 
consumption had not been determined prior to this study.  
 Interestingly, a prior study reports that the mean serum PFOA concentration in the 
United States has decreased with time, likely due to the decreased use of PFOA in 
manufacturing (Calafat et al., 2007).  The Melzer et al. paper examining the relationship 
between PFOA concentration and thyroid disease determined that the mean PFOA 
concentration in the 1999-2000 NHANES was 4.91 ng/mL (Melzer et al., 2010). The 
mean serum PFOA concentration dropped 20% (p value of <0.001) between the 1999-
2000 NHANES and the 2003-2004 NHANES (Calafat et al., 2007). Between the 2003-
2004 NHANES and the 2007-2010 surveys used in this study, our results illustrate that 
the mean PFOA concentration has increased slightly to a mean serum PFOA 
concentration of 4.2 ng/mL. This might be explained by the difference in PFOA 
measurement techniques between the 2003-2004 NHANES and the 2007-2008 
NHANES. In the 2003-2004 blood test, PFOA was detected and quantified using a 
reversed phase HPLC and a multiple reaction monitoring experiment, which limits the 
detection of PFOA. In the 2007-2008 blood test, PFOA was detected and quantified using 
tandem mass spectrometry, which is more precise (Johnson et al., 2013). 
 Males tend to have higher serum PFOA levels than females, which might be 
explained by a few contributing factors. Since PFOA is used in manufacturing, 
individuals who work with it are more exposed, and therefore more likely to have higher 
serum PFOA concentrations than those who are not working directly with the chemical. 
The majority of the female workforce is employed in occupations with low levels of 
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PFOA exposure, including education, health services, retail, secretarial work, and leisure 
or hospitality. In contrast, the male workforce is more likely to be employed in 
occupations with a higher risk of PFOA exposure, such as mining, construction, 
engineering, and transportation (Earnings, 2011). Though differences in the workforce 
might explain the higher serum PFOA concentration in males than females, this result 
might be better explained by other lifestyle habits. For instance, PFOA is found in the 
packaging of foods, especially fast foods and microwaveable foods. Men might be more 
likely than women to eat these foods, or more likely to eat a greater amount of these 
foods, because of their faster resting metabolism. The ingestion of more of more fast 
foods would also correlate with the ingestion of more PFOA. 
 Given the long, 2.4-year half-life of PFOA (Russell et al., 2014), it might be more 
prevalent in the serum of 40-59 year olds than younger individuals because it 
accumulates over time. Older individuals have also been exposed to PFOA for most or all 
of their lives because PFOA was first manufactured in the 1960s. Due to the US 
Environmental Protection Agency attempts to ban these products since 2003, some 
younger individuals may have less exposure to cookware with nonstick surfaces 
containing PFOA. As individuals have become more aware of the potential health risks, 
the products have slowly been removed from retail stores (Voogt, 2010).  
 Although there is no data proving that individuals with higher income or 
education levels purchase more materials containing PFOA, it is possible that this 
contributes to the elevated levels of serum PFOA in college graduates and individuals in 
the top 25% of PIR. It is plausible that individuals in these populations with elevated 
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serum PFOA levels might use PFOA coated cookware or consume foods wrapped in 
packaging that contains PFOA, such as microwaveable popcorn or pizza. More research 
is needed to determine the actual cause for elevated levels of PFOA in these populations; 
however, these would be some of the hypotheses to test. 
 Frequent alcohol consumers are more likely to have higher serum PFOA levels as 
well. The lifestyle of those who drink alcohol frequently might give them greater 
exposure to PFOA. However, frequent alcohol consumers might have higher serum 
PFOA levels because PFOA is stored in the liver and alters liver enzyme production 
(Gallo et al., 2012). This could potentially affect metabolism and/or excretion of PFOA. 
 Univariate relationships in this study examined which factors are associated with 
oral health, and found that those with better oral health were more likely to be 20-39 year 
olds or 60-69 year olds, Whites, wealthier individuals (upper 25% of income), healthy 
weight individuals, non-diabetics, college graduates, never smokers, those who rarely 
drink alcohol, and those who drink moderately or heavily. These findings are widely 
supported by the literature (Gregory et al., 2005; Palencia et al., 2014; Yagi et al., 2012). 
After controlling for potential confounders in the multivariable logistic regression model, 
the univariate relationships held true, except that the 40-59 year olds were least likely to 
have better oral health. 
 In general, the positive correlation between age and poor oral health is to be 
expected due to the age-related consequences of many dental diseases, such as 
periodontal disease. 
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 Individuals who can afford oral health care have healthcare benefits in addition to 
their higher incomes and are more likely to attend annual preventative care appointments 
where they would learn how to take care of their oral health and to get the necessary 
treatments that lead to higher oral health ratings (Palencia et al., 2013). In this study, only 
individuals in the top 25% of PIR had statistically significantly better oral health, so they 
have the means to get oral health care, and likely the dental insurance to cover the cost. 
 Individuals with healthy BMIs were more likely to have better oral health. Obese 
individuals have elevated levels of cytokines and pro-inflammatory mediators, which can 
lead to inflammation of the gums and potentially escalate to periodontal disease 
(Meurman et al., 2004). In addition, obese individuals may be less likely to eat nutritious 
foods and/or less likely than individuals with healthy BMIs to focus on aspects of their 
health other than weight. Finally, obese individuals are at greater risk of being diabetic. It 
is plausible that diabetics would have worse overall oral health than non-diabetics, due to 
their increased risk for xerostomia, which increases the risk of dental caries, and the 
increased risk for periodontal disease (Leite et al., 2013; Casanova et al., 2015).  
 Current smokers are more likely to have worse oral health than individuals who 
do not smoke. This result is expected since current smokers might have lower saliva flow 
and would be at a higher risk of oral cancer than individuals who do not smoke (Ferreria 
et al., 2013). 
 From the stratified results, it might seem that PFOA has a protective effect on oral 
health because males, 30-39 year olds and 50-59 year olds, obese individuals, frequent 
drinkers, and current smokers with high PFOA concentrations rate their oral health higher 
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than those with low PFOA concentrations statistically significantly. Instead, this suggests 
that effect modification is occurring for these variables, meaning there could be 
biological factors responsible for these results. However, this relationship was not further 
explored in the logistic regression models. Future studies are needed to determine the 
mechanism of the observed relationship between serum PFOA concentration and oral 
health outcomes in the presence of these variables. 
 This study has several weaknesses. The oral health data is self-perceived, self-
reported information, so it may be an imprecise measure of oral health. The participants’ 
definitions for the oral health ratings could differ drastically, resulting in imprecise 
ranges of actual oral health among the perceived oral health groups. Ideally, participants 
would have an oral health examination, including precise clinical measures such as loss 
of attachment for periodontal disease and DMFT for dental caries, resulting in clear 
classification of each individual as having excellent, very good, good, fair, or poor oral 
health. An additional weakness of this study is its cross-sectional design, which measures 
exposure and disease at the same time. An individual’s health could be affected by things 
from their past, and it is difficult to determine that relationship in this type of study. For 
instance, if someone has been obese in the past but is of healthy weight at the time of the 
physical examination, he or she would be categorized with the individuals with healthy 
BMIs, even though the history of being obese could have had lasting effects on the 
overall oral health. Additionally, if someone had worse oral health before becoming 
obese, then the oral health outcome is not a result of the obesity. Among the strengths of 
this study, it is a collection of four years of data (two NHANES cycles) from over 3,200 
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individuals carefully selected to represent the greater US population. This large sample 
size provides plenty of subjects to detect a statistically significant result. After selecting 
participants, the data was carefully organized into categories using standards from current 
literature to define the BMI, cholesterol, and alcohol consumption sub-categories. This 
was thoroughly analyzed, including univariate comparisons, stratified, and logistic 
regression models, which exposed effect modifiers and multivariable relationships. Given 
the strengths and weaknesses, these results suggest that serum PFOA concentration and 
overall oral health are unrelated.  
 To further confirm this conclusion, future experiments are needed. These studies 
could further examine the effect modifiers’ consequences on the relationship between 
PFOA concentration and oral health, which could reveal biological relationships that 
went undetermined by the analyses in this study. Studies including the role of nutrition 
and oral health maintenance could also yield different results. An individual with a 
thorough oral health care regimen or great nutrition might have excellent oral health, 
despite other biological factors. Ideally, individual’s serum PFOA concentrations, oral 
health condition, and other health factors would be tracked across time, so trends among 
these variables would be more evident and solid. 
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CONCLUSION 	  
 This analysis shows that serum PFOA concentration and overall oral health are 
statistically unrelated. While PFOA raises other health concerns, it does not appear to be 
related to self-reported oral health quality of life in this cross-sectional study. 
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